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Sheets of cultured epithelial cells have been successfully used 
as auto grafts for the permanent coverage of patients with 
full-thickness burns and as allografts to stimulate the healing 
of chronic skin ulcers. The basement membrane zone 
(BM~), composed of lamina lucida, lamina densa, and an-
chorll~g fibrils, plays a pivotal role in the firm adherence of 
the epidermis to the dermis. The present study describes the 
ultr~structural development during various stages of wound he~llUg after resurfacing different wound areas by cultured 
epithelial grafts. For this purpose, biopsies were obtained 
froIn five patients 5 d to 4.5 years after resurfacing full-thl~kness burns with cultured auto grafts, and from five 
patients at various stages after treatment of excised tattoos 
and chronic skin ulcers with cultured allografts . One biopsy 
Was t~k.en from a spontaneously healed burn wound 30 ye~rs 
P.ost-lI~ury. Ultrathin sections were prepared for transmis-
SIOn a.nd immunoelectron microscopy, using monoclonal an-
tibodies against type IV and VII collagen. Findings were 
compared to controls of age- and site-matched normal skin. 
Eleven days after grafting, the first BMZ features had regen-
erated, including lamina lucida, a discontinuous lamina 
densa, hemidesmosomes, and sparse anchoring fibrils. The 
process of de novo synthesis ofBMZ components had begun, 
and within 4 to 5 weeks complete reformation of BMZ was 
observed, including normal distribution of anchoring fibrils. 
Immunolabeling of type VII collagen was first observed upon 
the lower part of lamina densa at day 11 and steadily in-
creased, reaching normal values 5 weeks after grafting. In 
contrast, gold deposition of type IV collagen upon lamina 
densa was strongly increased at day 19 compared to normal. 
This high expression reduced a little at 5 weeks, but remained 
high up to 30 years after injury. Long-term burn scars exhib-
ited pseudopodia-like extensions of all basal cells, abundant 
anchoring fibrils, and an increased amount of arching an-
choring fibrils. These features might compensate for the lack 
of proper rete ridges. ] 1mlest Dermatol 99:71- 77, 1992 
----------------------------------------------------------------------------------------------------------
Serial subcu lture techniques of human epidermal cells ?ave e.nabled the rapid regeneration oflarge amounts of eplthe-hum suitable for grafting [1,2] . The successful use of these epidermal cultures has been described for auto grafts in patients with extensive full-thickness burns [3 - 7]; when 
;:sed as allografts these sheets of cells provided a potent stimulus to 
e;hng a wide variety of chronic skin ulcers [8-12]. 
n Wound healing, the reconstitution of the basement membrane 
Zone (BMZ) is of utmost importance for the firm adherence of the 
hPltnnis to the dermis. The ultrastructure of basement membranes 
I as . een well described [13]. The main identifiable components are t nl11a lucida, lamina densa, and anchoring fibrils. The lamina 
ensa IS mainly composed of type IV collagen which is the major 
structural element of the basement membran~ and promotes the 
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keratinocyte adhesion [14]. Anchoring fibrils , found immediately 
beneath the lamina densa, have been shown to be primarily a prod-
uct of epidermal keratinocytes and to be the major mechanism for 
securing the epidermis to the dermis [15,16] . Further evidence for 
the importance of anchoring fibrils to the structural stability of skin 
comes from the observations of skin from patients with certain 
inherited forms of epidermolysis bullosa, in which mild trauma 
induces extensive cutaneous blistering in the sublamina densa plane. 
Ultrastructural examination of the skin from these patients showed 
that anchoring fibrils are either absent or reduced in number and 
structure [17,18]. Type VII collagen is the major structural compo-
nent of the anchoring fibril [19]. Keerfe and co-workers have postu-
lated a model of an anchoring fibril network whereby anchoring 
fibrils are associated with dermal anchoring plaques in addition to 
inserting into the lamina densa. The anchoring plaques resemble 
basement membrane ultrastructurally , and contain type IV collagen 
in addition to the complex carboxyl-terminal domain of type VII 
collagen. This extended network entraps large banded collagen 
fibers, effectively anchoring the basal lamina to the underlying 
stroma. The role of type IV collagen in this complex may be that of a 
junctional element linking the terminal domains of type VII colla-
gen [20]. 
Few studies have been undertaken to characterize the sequence of 
the formation of the various components of the BMZ during wound 
healing following resurfacing wounds by cultured epidermal grafts 
[21- 26]. We studied the ultrastructural development of basement 
membranes of differently treated wound areas, emphasizing the 
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Figure 1. Ultrastructural morphology of the BMZ of normal and cultured autografted epidermis in (a) normal skin. Anchoring fibrils are numerous and 
readily recognized (small arrowheads). Occasionally arch ing anchoring fibrils can be observed (small arrows) . (b) 14 d after grafting, showing hemidesmosomes 
(large arrowheads), a discontinuous lamina densa, and some anchoring fibrils, associated with hcmidesmosomes (small arrowheads). The dermis has an 
electron-lucent appearance with only a few collagen fibrils. (c) 19 days after grafting with a still discontinuous lamina densa, but more anchoring fibrils than in 
ontogenesis of anchoring fibrils. For this purpose, we employed 
transmission and immunoelectron microscopy (IEM), using mono-
clonal antibodies against type IV collagen and a recently developed 
monoclonal antibody that reacts with type VII collagen through the 
non-collagenous globular region [27]. Subjects under investigation 
were punch biopsied at various timepoints after treatment of full-
thickness burns with cultured autologous epithelial grafts and treat-
ment of excised tattoos and chronic leg ulcers with cultured allo-
geneic epithelial grafts, respectively. 
MATERIALS AND METHODS 
Patients Five Caucasian patients varying in age from 18 months 
to 51 years were treated for acute burn wounds. The extent of total 
burn injury in each case varied from 50% to 83% of body surface 
area, the majority of which was full-thickness burn wound (mean 
65%). All patients were treated with cultured epithelial autografts 
according to our previously published protocol [7]. Graft take varied 
from 20% to 90% (mean 45%). Biopsies were obtained from central 
areas with clinically evident graft take only. In addition, five Cauca-
sian patients were treated with cultured epithelial allografts pre-
pared from neonatal foreskin. Three patients were suffering from 
chronic leg ulcers and two underwent a partial-thickness tattoO 
excision. Punch biopsies were obtained during various stages of 
wound healing, the earliest at day 5 post transplantation, the latest at 
4.5 years. All biopsies from autografts and allografts were obtained 
from grafted areas on the trunk or extremities, excluding palmar 
and plantar areas. In addition, a biopsy was taken from a spontane-
ously healed burn wound 30 years post-injury. Normal controls 
included uninjured skin from all the patients and normal skin of 
three healthy volunteers, aged from 31 to 52 years. A detailed out-
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(b) (sma ll arrowheads). Collagen fibrils are present in the dermis (large arrows). (d) 36 days after grafting, showing a continuous lamina densa, numerous 
~~choring fibrils (small arrowheads), and arching anchoring fibrils (small arrows). (e) BMZ of case 5, 24 d after grafting, showing well developed anchoring 
nls (small arrowheads). 0, dermis; E, epidermis. Magnification (a) X 30,000, (h, c, d, and e) X52,500. 
1in~ of biopsies included in the data pool appears in Table I. Immedi-
a~e y after biopsy, the specimens were cut in half and fixed for 
u trastructural morphology and immunoelectron microscopy, re-
spectively. 
~ltrastructural Morphology Specimens were fixed in 2% par-
r orrnaldehyde with 2.5% glutaraldehyde in phosphate buffer at 
i~~~ ternpe~ature for 2 h, rinsed in phosphate buffer, and postfix~d 
ph 0 OS04 111 phosphate buffer at 4 °C for 1 h. After two washes 111 
u osphate buffer, they were dehydrated in a graded ethanol series 
:. ~ 70% and embedded in Epon. Ultrathin sections were stained 
4;~ rranyl acetate and lead hydroxide and viewed with a Philips 
e ectronmicroscope at 80 KV. 
~7~unoelectron Microscopy Specimens were fixed in 2% 
ra onnaldehyde in phosphate buffer for 1 h at room temperature 
and at least 18 h at 4 ° C. The specimens were cryoprotected by 
immersing them in 2.3 M sucrose in phosphate-buffered saline 
(PBS) for 25 min, mounted on copper specimen holders, and frozen 
by plunging into liquid nitrogen. 
Ultrathin sections were prepared on a Reichert-Jung ultracut E, 
with cryoattachment FC 4D, and mounted on collodion-coated 
copper grids. The sections were floated on drops of incubation 
buffer (0.15% glycine, 0.1 % gelatin, and 0.1 % bovine serum albu-
min [BSA] in PBS) for 5 min and incubated w ith either monoclonal 
anti-type-IV collagen antibody ACH 4 to the 7-S domain (a kind 
gift of Dr. Jiri Bartek) (undiluted) or monoclonal anti-type-VII 
collagen antibody LH 7.2 (undiluted) [27] for 1 h at room tempera-
ture. Control sections were incubated with incubation buffer or 
with one of several irrelevant isotype-matched antibodies. After 
incubation, the sections were washed in incubation buffer and incu-
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Table I. Cases 
Time of Biopsy in 
Days (d), Months (m), 
Age or Years (y) 
Case (years) Sex After Grafting 
Burn (autograft) 
1 26 Female 14 d; 45 d; 18 m 
2 51 Male 13 d 
3 1.5 Female 5 d; 14 d; 19 d; 31 d; 
36 d; 20 m 
4 12 Male 15d;4.5y 
5 3 Female 10 d; 24 d 
Tattoo (allograft) 
6 30 Female 7 d; 3 m; 6 m 
7 45 Female 3m 
Ulcer (allograft) 
8 67 Female 11d 
9 69 Female 14 d 
10 70 Female 14 d 
Spontaneous Wound 
Healing after Burn 
11 20 Female 30 y 
Normal 
12 31 Female 
13 44 Female 
14 52 Female 
bated with rabbit -anti-mouse IgG (Cappel Laboratories, West-
chester, PA) diluted (1: 500) in incubation buffer for 1 h, washed 
with incubation buffer, and further incubated by protein A com-
plexed to 10 nm colloidal gold particles [28] in 1 % BSA/PBS for 
30 min. After washing with PBS and distilled water, the sections 
were stained with uranyl acetate, embedded in methyl cellulose, and 
viewed with a Philips EM 410 electron microscope at 80 KV. 
RESULTS 
Ultrastructure The fine structure of the BMZ in specimens ob-
tained after application of keratinocyte cultures was compared to 
that of normal skin. The BMZ of normal skin is shown in Fig la . 
The individual components of the zone are delineated clearly and 
consist of the plasma membrane of the basal keratinocytes, hemi-
desmosomes, a lamina lucida, and a continuous lamina densa, where 
the proximal end of the anchoring fibrils are attached. The earliest 
biopsy was obtained at day 5. At this stage, it was possible to recog-
nize a sheet of epidermal cells covering the wounds at the light-mi-
croscopicallevel. On ultrathin sections of the samples, however, no 
epidermis or a BMZ could be detected, but this could be due to the 
excessive fragility of the specimen, easily disrupted during the prepa-
ration procedures. 
In biopsy samples taken at stages as early as day 11 and 14, BMZ 
features could be recognized both on autografts and allografts. He-
midesmosomes and lamina lucida were present, but the lamina 
densa was discontinuous or reduced, except under basal cell hemi-
desmosomes. Occasional anchoring fibrils were found usually in the 
vicinity of hemidesmosomes. In some, but not all, specimens, colla-
gen fibrils were absent at this stage (Fig 1 b). -After 19 d, the lamina 
densa was still not continuous, but the number of anchoring fibrils 
had increased. Collagen fibril s were present (Fig le). At 36 d, the 
lamina densa was continuous and both the number and morphology 
of anchoring fibril s appeared to be normal (Fig lel) . In a 3-year-old 
patient (case 5, Table I) a well developed BMZ could be recognized 
as early as day 24 (Fig Ie). In Fig 1, results found on autografts are 
demonstrated, but data on allografts were similar (not shown). 
Ultrastructural Immunolocalization of Type VII and Type 
IV Collagen Ultrastructural immunolocalization of the car-
boxyl-terminal end of type VII collagen, using 10 nm immunogold 
on ultracryosections, showed an intense labeling of the BMZ of 
normal skin. Extensive gold deposition was observed along the 
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lower border of the lamina densa (Fig 2a) .By 11 (allograft) or 14 
(autograft) d after grafting, colloidal gold particles could already be 
detected along the lamina densa (Fig 2b) . The amount of gold depos-
its was increased at 19 dafter auto grafting (Fig 2c) but reached 
normal values after 36 d on auto grafts and 3 months on allografts 
(data not shown) . These findings were in contrast with the data 
obtained with type IV collagen. First, in normal skin the gold depo-
sition upon the lamina densa was not as extensive as was found for 
type VII collagen (Fig 3a, compare with Fig 2a). Second, the ex-
pression of type IV collagen on the lamina densa was strongly in-
Figure 2. Ultrastructural immunolocalization of the carboxyl-terminal 
domain of type VII collagen with 10 nm colloidal gold on BMZ of normal 
skin and 11 (allograft) and 19 (autograft) d after application of keratinocyte 
cultures. (a) In normal skin extensive gold deposits were found on the lower 
border of the entire lamina densa. (b) At 11 d some gold labeling is found on 
the lamina densa, preferentially in the vicinity of hemidesmosomes (large 
arrowheads). (c) At 19 d after grafting, the amount of colloidal gold particles 
has increased, and most of it is sti ll located near hemidesmosomes (large 
arrowheads). Small arrowheads, anchoring fibril s; D, dermis; E, epidermiS. 
Magnification (a) X 22,000; (b and c) X 42,000. 
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~~~ure 3. Ul trastructural immunolocalization of type IV collagen on BMZ 
I ormal skm and 19 and 36 d after applIcatIOn of autologous keratll10cyte 
cr tUres. (aJ On normal skin colloidal gold particles are scattered sparsely 
a Qng the lamina densa. (b) at day 19 after grafting the amount of collOIdal 
gold particles on the lamina densa was strongly increased, with no specific 
Plreference for hemidesmosomes (large arrowheads) . (c) At 36 d after grafting 
t le lab I' . ' I 
e 111g was reduced compared to day 19, but stili supenor to norma 
values S II . . ' dE ·d · . M : lila arrowheads, anchonng fibnls; D, dermiS; an , epl ermls. 
agl1lficatiol1 (a) X 21,000; (b and c) X 26,000. 
creased as early as 14 d on allografts (not shown) and 19 d on auto-r;~fts (Fig 3b): Finally, this high expression reduced a little at day 36 
g 3c), but did not reach normal values up to 4.5 years after l11Jury 
Or 30 C . I) N b . years arter spontaneous wound heall11g (data not s lOwn. 0 ~V Vlous differences were noted in the regional distribution of type 
N~d type VII collagen nor among patients of different ~ges. 
u ' labellllg was observed in controls lacking first antibody or 
. Sll1g antibodies of the same immunologic subtype without reactiv-Ity to b 
asement membrane components (not shown). 
~ong. Term Burn Scars Ultrastructural morpho logy of the 
enno-e'd I . . I d In I pi erma Junction of long-term burn scars s lowe no nor-di~_I:~te ndges .. However, all basal cells exhibited long, pseudopo-
sh e eXtenSIOns, with associated abundant BMZ. Figure 4a 
oWs an example from 4.5 years after grafting, but similar results 
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were observed up to 30 years post injury. High-power examination 
of this BMZ showed normal hemidesmosomes, lamina lucida, and 
lamina densa. Anchoring fibrils were abundantly present and the 
number of arching anchoring fibrils had increased dramatically 
compared to normal (Fig 4b, compare with Fig 1a). Ultrastructural 
immunolocalization of type VII and type IV collagen revealed a 
normal distribution of type VII collagen (Fig 4c), but levels of type 
IV collagen binding still exceeded normal skin (Fig 4d). 
DISCUSSION 
The present study describes the morphology of the BMZ following 
grafting with sheets of cultured epithelial cells. In addition, a 
sensitive immunoelectron microscopical (IEM) technique was em-
ployed, which permitted both the resolution of fine ultrastructure 
and the localization of molecules that playa pivotal role in the 
normal development of the basement membrane. Others have de-
scribed IEM techniques with colloidal gold in the study of mole-
cules of the BMZ. Several groups have applied the "en bloc" tech-
nique for the visualization of type VII collagen in anchoring fibrils 
[15,19,20,27] . Because incubation with antibody in this "en bloc" 
technique is performed before fixation, a strong fixative may be 
used, allowing excellent morphology. However, this technique has 
several disadvantages. First, only one antibody can be used at a time. 
Second, gold deposits are not seen within electron-dense structures 
such as the lamina densa, as the metal has access only to the margins 
of these structures. In the past we have employed surface labeling of 
thin sections taken from Lowicryl K4M-embedded skin tissue sam-
ples [29] . This technique allows that many sections can be prepared 
from a single sample and gold deposition is found along electron-
dense structures, such as the lamina densa. The main disadvantage of 
Lowicryl K4M embedding is the poor visualization of fine ultra-
structural features such as anchoring fibrils. Thus, by surface label-
ing of ultracryosections, we have combined the advantages of the 
"en bloc" and the Lowicryl embedding technique. In the present 
study, we have examined the appearance of proteins in the BMZ 
that playa pivotal role in the firm adherence of epidermis to dermis, 
namely, type IV and type VII collagen. 
Using conventional electron microscopy, we observed that both 
lamina densa and anchoring fibrils could be detected as early as 11 d 
after grafting, but the lamina densa was discontinuous and the num-
ber of anchoring fibrils was small. By day 19 the basal lamina was 
better developed and the number of anchoring fibrils had increased; 
by week 4 it approximated the normal situation. Our finding of the 
early onset of anchoring fibrils after grafting is in broad agreement 
with Compton et al [21], who studied a large group of cultured 
autografts on full-thickness burn wounds, but they found that full 
maturation of anchoring fibrils required more than a year. Our 
results disagree with Aihara [22], whO' described the initial appear-
ance of lamina densa only at 6 weeks after grafting autologous 
cultured human epithelium; this delay in the formation was attrib-
uted to dispase, an enzyme that is used to peel off the cultured sheet 
from the dishes . In spite of using dispase to separate our grafts from 
the dish, we could recognize a well formed lamina densa with many 
anchoring fibri ls as soon as day 31. This also differs from Woodley 
et al [26], who found absent or a markedly reduced number of 
anchoring fibri ls in autografts 4.5 months after transplantation. At 
present, we cannot explain the discrepancy between these results. 
Regeneration of a normal rete ridge pattern has not been observed 
up to 30 years after injury, but basal cells showed long, pseudopo-
dia-like extensions, resulting in an abundant basal membrane with 
normal hemidesmosomes, lamina lucida, and lamina densa. An-
choring fibrils were abundant, but the number was increased com-
pared to normal control skin (Fig 4b) . Together with the pseudopo-
dia-like extensions, this increase in anchoring fibrils might 
compensate for the lack of rete ridges, resulting in increased surface 
contact area between dermis and epidermis in normal skin (see 
below). 
Type VII collagen antigens could be detected on the lamina densa 
at a very early stage after grafting (11 and 14 d) using surface label-
ing of ultracryosections, although at lower levels than normal skin 
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Figure 4. Ultrastructural morphology (a and b) and ultrastructural im-
munoloca lization of type VII (c) and type IV (d) collagen, on the dermo-
epidermal junction of long-term burn scars. (a) The basal cells show elon-
gated, pseudopodia-l ike extensions. (b) Higher power of BMZ, showing 
an abundance of anchoring fibril s and many arching anchoring fibril s 
(a rrows). (c) Immunolocalization of type VII collagen and of type IV 
collagen (d) on the lamina densa. Small arrowheads, anchoring fibrils; D, 
dennis; E, epidermis. Magnification (a) X 5,500; (b, c, and d) X 42,000. 
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(Fig 2) . The labeling intensity increased to normal values at 36 d, in 
parallel with the appearance of anchoring fibrils. In contrast to the 
moderate expression of type VII collagen shortly after grafting, type 
IV collagen was present in much higher amounts than normal skin 
(Fig 3) , suggesting a high synthesis rate for this molecule by kerati-
nocytes and/ or dermal fibrobl as ts shortly after transplantation. This 
high expression of type IV collagen persisted for years after grafting 
and was also found in a biopsy of a spontaneously heal ed burn scar 
30 years post injury (data not shown) . Woodley et al [26] described a 
lack of anchoring fibril s and type IV collagen in burn wounds resur-
faced by cultured epidermal autografts . Because type VII collagen 
could be detected, he suggested that the 7-S domain of type IV 
collagen plays a role in organizing type VII coll agen into structural 
anchoring fibril s. Our findin gs of the high expression of type IV 
Collagen, concomitant with the presence of large amounts of arch-
II1g anchoring fibril s in long-term burn scars, may support this 
theory. The pseudopodia-like extensions of the basal cells and the 
Increased number of archin g anchoring fibril s, whether caused by a 
l11gh synthesis rate of type IV collagen or not, could be an initial 
response to compensate for the lack of proper rete ridges. 
The results of our morphologic and !EM studies have shown that 
there were no differences in the morphologic features of the ontog-
eny of the BMZ and the expression of type IV and type VII collagen 
between the differently treated wound areas we have investigated, 
Including burn wounds, chronic leg ulcers, excised tattoos, and 
shontaneously healed burns. The results of our study suggest that 
~ e formation of the basement membrane zone in wound healing 
evelops in a similar pattern, both after autograftin g and allo-
graftll1 g. 
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